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Abstract 
An increasing number of applications that use virtual reality technology have appeared in the classroom recently. Augmented 
reality (AR) uses humanized and interactive operations to allow students to learn from a total immersion experience. The market 
for keyboard- and mouse-based gaming is gradually being replaced by real-time interactive and sensory games. The application 
of AR technology can be seen in a variety of areas such as news, travel, sports, and commercials in which tangible and exciting 
experiences occur. Educators and technical developers are beginning to exploit the capabilities of AR technologies to enable new 
forms of learning in various fields. AR uses virtual objects that simulate a real environment and, if it can integrate image 
recognition and detection technology, its influence in gaming and education could be powerful. This study develops an AR 
system and tries to determine its advantage and drawbacks. 
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1. Introduction 
In recent years, digital learning has focused mainly on building teaching and learning platforms and on providing 
support for employing and integrating learning systems. Many learning environments have attempted to integrate 
content and technology, to build appropriate learning content, and to provide collaborative, interactive, and 
communicative learning activities to enhance learner creativity and learning effectiveness.  
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Augmented reality (AR) provides the opportunity for users to interact with computer-generated content from the 
real world. The application of AR technology can be seen in a variety of areas, such as news, travel, sports, and 
commercials, in which tangible and exciting experiences are created. Educators and technical developers also exploit 
the capabilities of AR technologies to enable new forms of learning in various subjects (Dunser & Hornecker, 2007; 
Kondo, 2006; Liu, et al, 2007). 
Malone & Lepper (1987) demonstrated that games can increase motivation and are therefore an essential feature 
of the lives of children and teenagers. Many educators include games in learning settings and have transferred 
learner involvement and energy from games to educational activities. Through instructional games, learners develop 
higher-order cognitive skills (Sandford & Williamson, 2005).  
This study constructed an AR game-based learning system for elementary science education. The learning content 
concerns the marine life food chain. The purpose of the study is to examine the effectiveness of the system to 
facilitate learning motivation, teamwork skills, and learning achievement. 
2. Learning System 
This study used ARToolKit, Visual Studio C++, 3D Max, and Adobe Illustrator to develop the learning system 
and content. The interface of the learning system was presented as a book containing two game pages, specifically a 
fishing page and a food-chain page. Learners need to complete the tasks in the first page before proceeding to the 
next page. The setup of the system is displayed in Figure 1. 
 
 
Fig. 1. The learning system 
2.1. Markers and Models 
The game contains four types of interactive markers: status, bait, switch, and select. The “status” marker 
identifies the current action. The “bait” marker displays the ocean species. The “switch” marker works with the 
“bait” marker to display various kinds of baits in a certain area. Finally, the “select” maker is used to select a fish. 
Figure 2 shows five food chain markers which require learners to put the correct sequence, and four location 
markers that were used to calculate the position of each marker in the AR matrix. Table 1 displays system markers 
and their related models. 
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Fig. 2. Location and food chain makers 
Table 1. Interactive markers and models 
Marker 3D Models 
 
Status  walking fishing 
 
fail  succeed 
 
Fish Bait  
 
Grass blinds 
 
starfish cromileptes    
altivelis 
 
Sea turtle 
 
Switch  
 
switch 
 
Select  
 
select 
 
 
2.2. Game procedures and system interface 
The purpose of the game is for learners to explore fishing areas to find appropriate baits for certain fish, and to 
collect enough ocean species to form as many food chains as possible. The fishing page has six fishing areas; each 
one contains several ocean species from the food-chain categories including the manufacturer, primary consumer, 
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secondary consumer, and tertiary consumer. The information of each ocean species will be presented when learners 
use the correct markers. 
In the beginning of the game, the system provides four ocean species as the basic baits will appear in the upper 
left corner of the screen. When learners put the “bait” marker in the dotted area at the bottom of the fishing page, the 
information related to that bait will present at the bottom of the screen, and the “switch” marker serves as a menu 
button to swab among baits. Learners can place the “status” marker in any spot on the fishing page, if the marker is 
not on the fishing area, the system displays the “walking” model; if the marker is in the correct location, the system 
shows the “fishing” model and all the fish in that area. To find the facts of a fish, the learner need to place the 
“select” marker near that fish model; and information of that fish will then appear at the top of the screen.  
Learners must place a “bait” marker near the “status” marker to capture a certain fish. If the bait is correct, the 
system will show the “succeed” model; otherwise it displays the “fail” model. If a fish belongs to the lower level of 
the food chain, the system will add it to the bait database. The process by which a food chain is formed is similar to 
catching a fish. Learners must place the correct bait marker in the right level of the food chain. The system interface 
can be seen in Figure 3.  
 
 
Fig. 3. Game interface 
3. System Evaluation 
3.1. Evaluation of interface and functions 
Ten college students participated in five consecutive pilot tests, wherein pairs of students worked together to 
evaluate the interface and functions of the gaming system. For each pilot test, the researcher asked the pair to fill out 
a questionnaire, discussed with them regarding their responses, and revised the interface and functions of the system 
before the next pair of students was tested. 
3.2. Evaluation of system usability and stability 
After the pilot study, the system was modified based on suggestions from the students. Ten students then 
participated in the second phase of the program evaluation, with two members forming each group. A short 
questionnaire and interview were conducted after the activity. The students provided positive feedback about the 
system and various suggestions to improve the game-play. 
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4. Conclusion 
This paper focused on the design and use of technology of an AR game-based learning system. The system is 
nearly finished. The results of the pilot system evaluation revealed that students are considerably interested in the 
system. However, despite the expressed satisfaction of participants, the system interface and learning activities need 
to be modified before a complete evaluation of the system is conducted. 
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